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THE   CORTICAL   PATHS   FOR   MASTICATION   AND 
DEGLUTITION.     \\\  F.  K.  MILLER,  M.A.,  M.li. 

{Vnm  the  Labomiorn  af  P/i/^.nolog//,  Western  Vniversitif,  Cnnmlu.) 

Thk  observcation  that  iiioviMneiits  of  mastication  may  be  elicited  in  the 
rabbit  by  stimulation  of  the  cerebia!  cortex  is  due  to  Ferrierd),  who 
found  the  cortical  area  vieldinL'  the  response  to  be  rather  extensive  and 
to  be  situated  on  the  lateral  surface  of  the  frontal  lobe.  Rethi(3) 
obtained  mastication  and  also  dei^lutition  by  excitation  of  the  cortex  of 
the  rabbit.  Stimulation  applied  to  the  infracortical  paths  yielded  both 
responses  as  far  posteriorly  as  the  subthalamic  region.  On  arrival  at 
the  crus  cerebri,  however,  stimulation  produced  a  continuous  jaw 
closure,  in  place  of  the  rlivt  liiiiiciil  uiastication.  whilst  swallowing;  was 
absent.  He  arjiiied  from  tlicsi'  results  for  the  existence  of  a  centre  for 
mastication  and  dej^lutition  situated  within  or  beh.w  the  thalami.s  and 
above  the  crus  cerebri.  A  studv  of  the  cortical  area  and  subcortical 
tracts  involved  in  mastication  in  the  rabbit  was  made  bv  Carpen terO). 
He  followed  the  tracts  into  the  medial  j)ortion  of  the  crus  cerebri.  But 
he  makes  no  mention  of  a  chauLre  tron:  masticatory  rhvthm  to  con- 
tinuous jaw  closure,  as  was  recorded  by  Rethi.  The  cortical  masticatory 
centre  as  localised  by  Mannd)  is  somewhat  smaller  than  Ferricr's 
area  and  is  situated  sliL:htly  ventral  to  it. 

The  present  researrli  rejiresents  an  attempt  to  investij.'ate  .somewhat 
more  completejv  the  cortical  jjaths  concerned  in  mastication  and 
de<j;lutition.  The  rabliii  s(  rvcd  as  the  experimental  animal  and  awvcs- 
thesia  was  induced  by  « ther  or  by  the  injection  of  chloral  hvdrate 
intraperitoneally  (alxuit  -.Ij  jxtn.  per  kilo.)  <)r  by  a  combination  of  both 
proceduii's. 

The  inductoriniii  used  for  stimulation  was  fed  bv  two  stora^je  cells: 
an  ammeter  and  a  rheostat  were  arranged  in  the  circuit  and  the  rheostat 
was  adjusted  so  that,  whilst  the  interrupter  of  the  inductorium  vibrated, 
the  ammeter  indicated  a  readiiii:  of  a|)pro\imatelv  ()-2  ampere.  Stimu- 
lation   wa-^   ap[)lied    bv   the    Itipolar  and    unipolar   methods,   tin'   latter 
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mi'tliod  scrviiit!  for  tho  piir])oso  ()f  lixalisation.  T)io  stiimilatiii^'  terminals 
were  i.f  platituiin  fiisfd  at  tlicir  cxt remit ifs  into  small  heads.  Tlio  ter- 
minals of  tile  hipolar  ejoftrodes  u  en-  |  nun.  apart.  The  average  secondary 
distance  was  9-5  cm.  for  both  methods  of  stimulation.  At  l-'i-.")  cm.  the 
current  from  the  l)ij)olar  electrodes  was  just  percepfihle  on  the  tip  of 
the  tonmie. 

The  first  prohlem  presentiii.u  itself  was  whether  tho  masticatory 
nioyements  elicited  frotn  the  cortex  are  bilateral,  that  is  whether  the 
inu.M-les  of  both  sides  of  the  jaw  participate  in  the  reaction.  For  the 
purpose  of  decidinLT  thi.s  ([uestion  the  mandible  was  sawn  through  at  the 
.symphysis  and  the  soft  t'ssuos  were  divided  in  the  middle  line  as  far 
back  as  the  angle  of  the  jaw.  Under  these  conditions  the  masticatory 
movements  were  seen  to  l)e  not  only  bilateral  but  al.so  synchronous, 
the  muscles  of  (he  two  .sides  func  tioiiinir  harmoniously.  It  appeared  just 
possible  that  mere  contact  between  the  divided  halves  of  the  jaw  nii<;i;t 
be  responsible  for  the  bilateral  character  of  the  reaction.  .Such  a  con- 
tingency was,  however,  readily  excluded  by  stimulating  the  cortical 
area,  whilst,  at  the  same  time,  the  contralateral  half  of  the  jaw  was 
drawn  aside.  Stimulation  under  these  conditions  yielded  i.^ain  syn- 
chronous, bilateral  jaw  movements.  Moieover,  direct  observation  of  the 
pxpo.sed,  ipsilateral  masseter  muscle  during  the  stimulation  showed  it 
to  be  executing  rhythmical  movements  of  mastication.  It  is  clear,  then, 
tliat  bilateral,  synchronous  movem'"i1s  of  mastication  result  from 
stimulation  of  (he  ii])pro])riate  cortical  area  of  one  cerebral  hemispliere. 

.Mention  has  ahead v  been  made  of  the  fact  that  Kethi  elicited 
rhvthmical  mastication  from  infracortical  paths  as  far  ])osteriorly  as  the 
subthalamic  region.  In  view  of  the  scnni'what  va^ue  nature  of  this 
statement  it  appeared  desirable  (o  determine  more  accurately  the 
))osferior  limit  for  the  reaction.  Ana'sthesia  was  efTected  bv  chhiral 
hydrate  injected  intraperitoneally  and  by  ether.  Tracheotomv  having 
be(Mi  ])erfornie(l.  the  animal  was  secured  nith  it.<  abdomen  on  the  table, 
a  hot  water  bot'le  being  placed  crosswisi>  so  as  to  support  it  just  in  front 
of  ihe  hind  |r_-,.  The  head  was  placed  on  a  block  of  suitable  size.  The 
^\s\\\\  wis  tre))hin(Nl  in  front  of  the  coronal  suline  and  the  opiMiing 
enlartred  to  an  adecjuate  extent. 

In  the  jireliminary  exp(-i'imi'nts  the  iiMc(ion  of  mastication  was  'irsl 
excited  from  the  cordvx  and  th(>n  succi>ssive  vertical  slices  were  removed 
from  one  hemisplu're  with  a  flat  s]iatula.  The  haniorrlia^e  residting 
from  each  excision  was  checked  by  packing  with  ab.sctrbent  cotton 
soaked    in    adrenaline    solution.     Following    each    extirpation    bipolar 
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stinmlation  was  a])|)!ipd  to  tlu'  cross  seit inn  and  in  this  wuv  it  was  found 
that,  as  H.'-thi  had  rcporti'd,  !iiasti(ntory  rhythm  and  ■wallowin;.' could 
l)c  evoked  fof  a  eonsideialiie  distance  hack  wards  hut  tliat  tiicv  were 
tinally  r"j)hKed  by  steady  jaw  closuie.  'I'he  muscles  concerned  in  this 
closure  appeared  to  he  solely  those  on  the  same  side  as  the  stimulation. 
It  was  noted  further  that  the  reaction  w.is  more  ri'aililv  obtained  I'rcnn 
,1  point  on  the  base  of  the  skull  than  from  the  cross-secti(tn  of  the  brain. 
The  extrenie  pii>,terior  limit  for  obtaining'  mastication  and  dej:lutitioii 
was  found  to  lie  approximatelv  Hi  mm.  behind  the  y,vj.'omatic  process. 

In  order  to  ascertain  the  exact  anatomical  relati(ms  experiments 
were  performed  in  uhich  a  section  was  made  across  both  hemis[)heri's 
at  the  |e\e|  just  mentioned.  Stimulatimi  of  the  appropriate  place  (ui 
the  cross  sect imi  of  each  hemisphere  now  yielded,  provided  the  posterior 
limit  had  not  been  exceeded,  masticafiim  and  swallowinu.  .\  furtlier 
jiorticm  of  one  hi'misphere  was  now  removed  until  it  wa.s  found  that, 
instead  of  chewin;^  and  swallow  inir.  only  steadv  jaw  closure  was  elicited 
on  <'.Mitation.  The  original  jxiint  on  the  oj)posite  side,  however,  still 
yielded  (  hewinii.  Sections  were  then  ])rej)aied  from  each  hemisphere 
and  stained  bv  the  Weit;ert  method. 

In  ex|ieriments  of  this  kind  it  usually  haj)])ens  that  the  .section  of 
t  he  luain,  as  made  at  the  time  of  operaticm,  is  not  perfecti\-  Hat.  Hence, 
the  first  complete  section  cut  with  the  mici'otome  lies  ver\-  sliiihtU' 
p.istei'ior  to  the  plane  at  which  the  reactions  were  actuall}'  obtained. 
To  ob\iate  such  an  inaccuracy  a  modification  of  the  above  method  of 
experimentaticm  was  adopted  as  a  control.  In  those  experiments 
sections  were  cut  from  one  hemisphere  only  and  the  extreme  posterior 
limit  for  nuistication  and  deulutition  was  determined  as  accurateh-  as 
possible.  A  section  was  then  made  with  the  microtome  tbroujih  the 
intact  hemisphere,  at  the  level  which  yielded  mastication  and  de^ilutition 
on  the  opposite  side.  A  similar  ])rocedure  was  adopted  to  ascertain  the 
level  yieldiiii;  continuous  closure. 

In  conse(|uenco  of  numerous  experiments  of  the  types  described  it, 
can  be  definitely  asserted  that  a  masticatory  rhythm  and  deglutition 
may  be  obtained  as  far  backwards  as  the  level  of  Fii;.  1  ;  from  the  level 
of  Fi^.  2  and  beyond  it,  however,  only  steady  jaw  closure  was  noted, 

Reference  has  bei'ii  made  to  the  interjtretation  placed  bv  Uetlii 
(ui  the  change  in  tvpe  of  the  reaction  from  a  rhythm  to  continu()us 
closure.  He  inferrei'  the  e.xistenc'e  of  a  centre  fiu'  mastication  and 
swallow iuL;  within  or  immediately  below  the  thalamus.  I'resumablv  he 
thought  the  continuous  jaw  closure  evoked  beyond  tiie  level  of  Fig.  1 
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was  .111.-  to  stiniuLinoM  .,f  lihirs  in  llir  l"-  |.r,lunruli.  As  aliv.nlv  inrn- 
,„„„.,1.  inv  n^^u  . .I.mTV., Mo,,.  ^Ih.u  tlmt  iIm'  .Hr,  t  i<  i,in,l,ir..,|  l,v  con- 
1,,„ti..n  of  tlir  ip-ll:.I.T,,l  (l.>-nrj  inii-.l.'^.  Tliis  lad  in.L'-  >t  apii.'ar 
,,n,„ol,al.lr  that  tlir  contraction  .Irpciids  on  ~t  inflation  ol'  tii.'  pes. 
Kxaniination  oi  the  anatonii.al  aiian^j-mct-  ,,!  tia'  tvjion  <how<  that 
tl|,.  contiiMtion  i>  can-  ,!  i.\  -tunnlath.!,  ol  lUr  niandihniar  nerve  at  its 
,.,„crucncc  iKnn  the  -kull  l.v  e.,ai.e  ol  curr-nt   iroin  th.'  .•led  rod,-.. 

Witli  ic~pecl  to  the  ,lisaii|.eaiance  ol  ina-tieation  and  swallowin^^ 
hrvon.llhelcvelol  Vvi.  I  It  unnld-ecn!  that  a  ni-rei,lauMl.l.>ev|,lanati(ni 
,„av  1 tiered  than  that  ot   Itethi.    Accordni''  to  I'rof.  S  herri  ti^t  ...i' 
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Ki,-  1  aii.l"  Cin^.-.-r.  liniis.'l  l.i.an..t  lal.l.il.  C'.)»..cnr|iii<in.niullaic;  hi-.Klr..  t;i-  inijus 
n'liuil.AM..-  II'K.  Ii.il.rnul.i:  /'./.....  i>r<  pr.liMi.uli  .rnLii:  1../.1..  ImiiuIIc  nl  \h.| 
.l\zvi-  1/-  Mluiii.iii  ..I  I.M-Ilc  ni.li.Mtiiiir  Imhmi  tmiri  ulii.l,  iiiasiiiMticM  aii<l 
^«';lli..uilr_  «.  11-  .1.M..I;  (.  /„,./.,  |„  „l.  viul  .■..lllinisMlI .  :  /'..■./"..  |iriluiunliis  C(M|)(.ns 
m,nmll:iii-:  •'^'./'..  -iil'-t.iiii  i.i  iii'.r.i. 

the  explanation  is  to  be  found  in  tie'  fact  that  the  lihres  ecniei'med  in 
these  reactions  have,  heyoiid  the  level  of  Fin,  1.  left  the  pes  as  -aherrant 
fibres'"  to  proceed  to  their  respective  motor  inielei.  Definite  picoj  of  the 
correctness  of  sucli  a  view  woidd  be  hirnislied  bv  dennnistratin.u  both 
mastication  and  swallowin,^'  in  the  decerebrate  rabbit.  Whilst  -wallow- 
inu'  is  readilv  elicitable  in  tiie  decerebrate  cat(->)  its  demonstration  in  the 
decerebrate  rabbit  appeared  desirable.  Di'cerehratiini  ^vas.  accordin,i.dy. 
perforineil  in  the  rabbit  bv  Sliern  nv  t  o  n  '  s  original  method  as  described 
for  the  (at.  both  heinis])heres  bcim:  i.nnpletelv  removed.  The  h'vel  ol 
till'  transection  was.  of  couise.  a  (onsidciable  ilistaiice  ])osterioi   to  that 

'    |*ia-^'it!  i'  (  onnnnni'Mlit'ii. 
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M.\sTir.\ii(i\    \\l)  in:(;i  rririow  \-- 

lu'VMiiil    wliicli    iria>tic,itiuii   iuiii   ilfMliitition   cca-r.l    to   In'  .  ,|,.   \,\ 

stiiiiuliiliuii.  Ill  siicl,  ii  (i,.,TiTl,iat..  prcparatiuii  .Ir-lm  iii,,ii  u  i-,  toiimi. 
afr.T  11  short  pfiidd  of  iccovcrv.  to  he  mulilv  cvokalili'  l»v  iiitfoducinL' 
watcM'  into  tlic  |)h,iivii\  l,\  m,  uh  of  .1  mi1,1„t  (iil.r.  Kltoit-  to  induce 
tiiasticatio'i  wciv.  ||,,\v,.v.'i.  iinvi„.,.,.»fii|.  |''aia,ii,-  aiul  iii.'chaiiical 
stiiimlati<.ii  of  the  loii.n,.,  iiiiai'vnx  and  vaiioiis  pa-'s  of  tlir  laiccal 
mucosa  failed  to  vidd  it.  Ir  appears  prohal.le  t  hat.  could  t  lie  decefel. rate 
raShit  he  kept  alive  for  a  Milhcient  leni.rth  of  time,  mastication  would 
fventliallv  h"colrie  elicitahle.  I'.iif  in  tjie  few  li,„ir>  diiiiiiM  wliicli  it 
retains  its  vitality  I  have  not  iih'1  uith  success  in  this  direifion.  Since, 
liowever,  swallowing;  is  ohtailiahle  in  the  decerehr.ite  rahhil  it  is  evident 
that  itethi's  hypothesis  of  a  <le,Ldiitition  centre  in  the  thalamic  renion 
must  he  delinitelv  ahan.loiicd.  .\nd.  in  spiti'  of  the  absence  of  experi- 
mental proof,  the  exi.-tcice  there  of  a  c.. litre  |or  mastication  would 
appear,  from  ixeneral  consideration^,  extienielv  improhalile. 

The  situatiim  of  the  tract  con- 
eerned  in  tlic  ma>ticatoi\  rhvthm 
was  determined  at  sarioiis  |e\cl>  |.\- 
the  unipolar  method  of  stimulatioiK 
A  small  hristle  was  inserted  at  the 
proper  j)oiiil  and  served  as  a  record 
in  the  sections  which  were  suhse^ 
ipieiillv  prepared.  In  V\:_<_  ;i  the 
hristle  is  situated  in  the  lower  part 
of  the  internal  capsule. 

In    V'vj..    1    the    hristh?    is   in    the 
medial  portion  of  the  pes  pedunctdi. 

Deglutition  accompanied  mastication  },ju 

in  these  experiiiK'nts  hut  the  specilic     K,,..  ■(.    (Vns.s,.,.,:,,,,  ,,|  i,„„„  .,[  ,.,1,1,],. 
tract  involved  has  not  vet  hec-n  dif-        ''■  •'"'■■"oiu  Aimim..iii^;  c  ,-.,  i,,,,.,.,,;,! 

.  ,■,,,.  ,,  ■,  .  'ip^nl,-    .\^r.,    .Mil.latr    im.triis;    J/, v., 

lerentiated   trom    tliat    for    mastica-        Miuiti.-n    of   i.n-ilr   iiMiiraiini;   |i..iiit 

tion  '"""  "'"'  ''  "il~'l'  '111""  allcl  .sw.llldwiiu' 

Hrlr    M,  |,|,.,i. 


Si\i\;ai;v. 

1.  The  movements  of  iiia.xt  icat  ion  indiiied  li\  Simulation  of  the 
ceichiai   cortex    .if   the   r,ililiir   are   hilateral 

■1.    .Mastic.it.iiy    rhythm   and   dcjlntitioi,  '  cm    1 licited   ft,, in   tlie 

inlracortical  tr.icts  as  far  po-tciiorlv  a-  the  ,  orpoia  inamillaria. 

■•'..     lieyond  this  le^el  l„,th  real  tnms  cease  to  I vokahhv  the  rea-on 
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bi'iiip  that  the  iiljifs  (•(HHrrncd  havo  jiassi'd  to  tlifir  rospectivc  motor 
ruicloi  as  "ahcrrani  fihri's.'' 

1.     Tlic  stca'lv  jaw    (■lf)sun'   wliirh   ic|)lact's   rliyt  liiiiical   mastication 

is  caused  bv  i"^ia) f  ciirrcnt  to  tlic  maiidiliular  niTvc  at  its  exit  from 

thosKnll. 

5.  The  existence  ol  a  (!ei;hitil  ion  ci-iilre  in  the  ihalainic  rcL'ion  is 
disproved.  The  presence  there  ol  a  centre  ,oi-  maslication  appears 
iinprohabh'. 

(i.  Tiie  iiifracortiial  tract  for  mastication  ;.nd  dei:bititioii  was 
traced  throniili  the  hiwcr-  part  of  tin'  internal  capside  at  t  lie  |c\c|  nl  the 
posterior  e\trennt\-  of  the  cau(hite  nilchais  to  the  rncdial  part  ol  the  pes 
at  the  le\(-l  of  t  lie  corpora  mamillaria. 
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